We report a case with pheochromocytoma presenting as recurrent syncope due to hypotension. A 71-year-old man was admitted because of recurrent syncope and paroxysmal hypotension. He was diagnosed as having pheochromocytoma. In spite of a large volume of infusion and insulin therapy, syncope and paroxysmal hypotension continued. We speculated that hypotension was mainly due to vasodilatation caused by excess plasma epinephrine and prescribed a non-selective beta-adrenergic blocker. It stabilized blood pressure and syncope disappeared. The right adrenal tumor was excised and he was discharged in good condition. This case report provides some implications for the management of pheochromocytoma complicated with hypotension. 
Introduction
Pheochromocytoma is a tumor that produces catecholamines (1, 2) . Catecholamine hypersecretion produces most of the clinical manifestations of this tumor. The most common symptoms are headache, palpitations and perspiration. Although most patients have either sustained or paroxysmal hypertension, some patients present with hypotension (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . However, severe orthostatic hypotension is relatively rare.
We report a case with pheochromocytoma presenting as recurrent syncope due to hypotension. This patient's hypotension was mainly postural and extremely severe. Syncope due to hypotension is unusual in this disease and only a few cases have been reported. The present case serves to illustrate an unexpected presentation of this tumor.
The management of hypertension with pheochromocytoma is well-established (1, 2) . In contrast, it is difficult to stabilize blood pressure in patients presenting with hypotension. In the present case, a beta-adrenergic blocker effectively reduced syncopal attacks and hypotension. This case report provides some implications for the management of pheochromocytoma complicated with hypotension.
Case Report
A 71-year-old man was transferred to our hospital for the evaluation of recurrent syncope and episodic hypertension. He did not have a history of hypertension. He was given a diagnosis of type 2 diabetes at the age of 65 years and has been treated with an oral hypoglycemic agent (2.5 mg of glibenclamide). A right adrenal mass was incidentally found by the abdominal MRI scan performed at the age of 68 years when he had a traffic accident. Although his doctor recommended him to receive a detailed examination, he did not. A month before admission to our hospital, he was admitted to another hospital because of nausea, hyperglycemia 573 mg/dl and unknown fever. Fever disappeared with antibiotics. However, he had recurrent syncope due to hypotension. He was referred to our hospital for further evaluation. On admission, his consciousness was clear, blood pressure was 184/64 mmHg, and pulse was 66/minute. His heart and breath sounds were normal and neurological examination revealed no abnormalities. The abdomen was soft; no discrete masses were palpable. An electrocardiogram showed flat T waves in II and a VF leads without ventricular hypertrophy. Echocardiography demonstrated the small left ventricle (diastolic dimension was 27 mm) with a fractional shortening of 33%. A radiograph of the chest was normal. Hematological and biochemical laboratory values are shown in Table 1 . Urinary and plasma catecholamines were very high. Abdominal MRI identified a 22×22 mm right adrenal mass (Fig. 1A) . A 131 Imeta-iodobenzylguanidine (MIBG) scintigram showed marked uptake at the single location corresponding to the right adrenal gland (Fig. 1B) .
Based on those findings, he was diagnosed as having right pheochromocytoma. Figure 2A shows changes of the blood pressure and heart rate on the third hospital day. The blood pressure was quite unstable and the systolic pressure ranged from less than 50 mmHg to 200 mmHg. He had mainly hypertension while resting in bed, however, a slight elevation of the upper part of the body induced syncope or nearsyncope with prolonged hypotension. While he had hypotension, the pulse was more than 100/min; while he had hypertension, the pulse was less than 100/min. Since he had hyperglycemia, he was given insulin injection and 3,000 ml/-day of intravenous infusion of saline. Those therapies normalized the central venous pressure (from 0-1 cmH2O on admission to approximately 5 cmH2 O) and reduced both hematocrit (from 45% to 38%) and total protein concentration (from 7.3 to 6.5 g/dl), but hypotension and syncope persisted. The percent coefficient of variation of RR interval was 0.8%, which suggested autonomic dysfunction. Because epinephrine production was markedly augmented, we speculated that hypotension was due to epinephrine-mediated vasodilatation, in addition to hyperglycemia-induced dehydration and autonomic dysfunction. We started a nonselective beta-adrenergic receptor antagonist, propranolol (30 mg/day). Propranolol stabilized blood pressure and syncope disappeared (Fig. 3 , Table 2 ). After medical stabilization, right adrenalectomy was performed. During the operation, the blood pressure rose to 210/106 mmHg before the excision, however, it became stable after the resection. The resected tumor (30×25×23 mm) in a right adrenal gland was soft, well encapsulated and yellowish-white with hemorrhage ( Fig. 4A) . Microscopically, the tumor was diagnosed as pheochromocytoma (Fig. 4B) syncope no longer appeared. Blood pressure and heart rate responses to standing up were normal after the operation (Table 2 ). Blood pressure variablity, assessed by ambulatory blood pressure monitoring, was greatly improved (Fig. 2B) .
The elevations of white-cell count and blood sugar, which were probably caused by the tumor, disappeared. He was discharged in good condition and has remained normotensive.
Discussion
Pheochromocytoma usually presents as headache, diaphoresis, palpitation, and paroxysmal or sustained hypertension (1). However, it rarely presents as syncope or hypotension. Hypotension seen in the present patient was mainly orthostatic. Although orthostatic hypotension was reported in pheochromocytoma (6, 13) , that of the present patient was extremely severe and prolonged (more than 10 minutes), associated with frequent syncope. Aronoff and coauthors have reported a patient who suffered from recurrent cardiopulmonary arrests (7), but his hypotension was spontaneous and not associated with posture.
Mechanisms of hypotension and syncope
On many occasions, the present patient fainted with hypotension when he elevated the upper part of the body. Thus, in the present case, recurrent syncope was most likely due to postural hypotension. Since hypotension disappeared after the excision of tumor, hypotension must be due to the excess of catecholamines. Several reasons for hypotension due to an excess of catecholamines could be considered; e.g. hypovolemia, intermittent secretion of catecholamines, ratio of epinephrine to norepinephrine in the secretion, impairment of peripheral response to catecholamines, adrenocortical insufficiency, and baroreflex failure (4) .
Generally, pheochromocytoma causes a reduction of circulating blood volume. Moreover, in the present case, the blood sugar on admission was 573 mg/dl, which may have contributed to dehydration. Because plasma renin activity and plasma aldosterone concentration on admission were relatively low, those hormones might not have compensated for the blood volume reduction. In fact, the size of the left ventricular diameter and the inferior vena cava was small, and the central venous pressure was low. Those data suggested hypovolemia. However, the patient still had recurrent hypotension after infusion of a large volume of saline, which resulted in the normalization of central venous pressure and the reduction of both hematocrit and total protein concentration. Thus, it was not the sole cause. Intermittent secretion of catecholamines causes hypotension because the sustained hyper-catecholaminemia induces desensitization of the blood vessel to catecholamines and thus abrupt withdrawal of norepinephrine (14) may suddenly decrease the tone of blood vessel. However, this mechanism was unlikely in the present case because hypotension was only postural. The ratio of epinephrine to norepinephrine in the secretion plays an important role in maintaining blood pressure. While pheochromocytoma secretes several catecholamines, the proportion of each catecholamine in the secretion is variable from case to case. Baxter and colleagues (10) have reported a patient with pheochromocytoma presenting as hypotension. His blood pressure was maintained by continuous infusion of norepinephrine. In that case, vascular resistance was markedly reduced due to excess secretion of epinephrine. In the present case, all plasma catecholamines were increased, however, the plasma epinephrine/norepinephrine ratio was high (1.35), indicating that the epinephrine production was markedly augmented compared to norepinephrine. Therefore, epinephrine-induced vasodilatation may be mainly responsible for our patient's severe hypotension. Some patients with pheochromocytoma have myocardial contractile dysfunction (9, 11) . However, this was not the cause of hypotension in the present case because cardiac function evaluated by echocardiography was normal. One may consider that diabetic neuropathy could be a cause of orthostatic hypotension, because he had suffered from diabetes for six years. Indeed, the percent coefficient of variation of RR interval was 0.8%, suggesting autonomic dysfunction. however, it was not a main cause because hypotension disappeared after the excision of tumor. Septic shock was unlikely because he still had hypotension and syncope after the Creactive protein level and white blood cell count had been normalized with antibiotics. While adrenocortical insufficiency may be associated with hypotension in patients with this tumor. This mechanism was unlikely because the cortisol and ACTH levels in the present patient were normal. It has been reported that patients with pheochromocytoma have an impaired baroreflex mechanism (15) . The excess catecholamine may cause desensitization of baroreflex. This may be another cause of our patient's hypotension. Taken together, it is most likely that the postural hypotension in the present case was caused by excess epinephrine, associated with postural reduction of central volume.
Treatment of hypotension with pheochromocytoma
In patients with pheochromocytoma, the sole administration of a beta-adrenergic receptor antagonist may induce elevation of blood pressure, therefore it is generally thought to be contraindicated (1, 2) . In the present case, hypotension was severe and prolonged, in association with syncope, but hypertension was not so severe. Thus, we administered a non-selective beta-adrenergic receptor antagonist, propranolol. As a result, syncope disappeared and hypertension was not aggravated, supporting our hypothesis that hypotension in our patient was caused by beta-adrenergic receptormediated vasodilatation.
Conclusion
We report a case of pheochromocytoma presenting as recurrent hypotension and syncope. Excess epinephrine and volume depletion may be the cause. Propranolol and large volume of infusion stabilized the blood pressure. The present case provides some implications for the mechanisms and management of hypotension associated with pheochromocytoma. 
